In conventional cooperative communication data rate is 1/2 than non-cooperative protocols. In this paper, we propose a full data rate DF (Decode-and-Forward) cooperative transmission scheme. Proposed scheme is based on time division multiplexing (TDM) channel access. When DF protocol has full data rate, it can not obtain diversity gain under the pairwise error probability (PEP) view point. If it increases time slot to obtain diversity gain, then data rate is reduced. The proposed algorithm uses orthogonal frequency and constellation rotation to obtain both full data rate and diversity order 2. Moreover, performance is analyzed according to distance and optimized components that affect the system performance by using computer simulation. The simulation results revealed that the cooperation can save the network power up to 7dB over direct transmission and 5dB over multi-hop transmission at BER of 10 -2 . Besides, it can improve date rate of system compared with the conventional DF protocol.
Introduction 1)
In wireless channels, reliable communication is difficult due to fading. A feasible solution is to take full advant-age of idle SNs (sensor node), namely relays, in the vicinity of the transmitting node to relay the original signal to its destination. Cooperative transmission not only gets benefit from path-loss reduction but also exploits antennas of other relays in the network to obtain diversity gain without the physical antenna arrays. In addition, size limitation of a node which requires each SN to be equipped with single-antenna makes such a solution very appropriate in WSN scenario. The ways the idle SNs process the signals received from a desired node are known as cooperative protocols [1] - [3] . So far, there are three basic cooperative protocols: amplify-and-forward (AF) [1] , decode-and-reencode (DR) [2] and decode-and-forward (DF) [3] has been proposed AF requires inter-user CSI (Channel State Information) available at the destination which is hard to obtain, and suffers noise enhancement at the relays that degrades BER performance. In addition, DR used convolutional codes, turbo codes and TCM (Trellis Coded Modulation) achieves the best performance among three protocols but so complicated in encoding and decoding, thus preventing from implementing on SNs. DF appears to be a proper choice for cooperation in WSNs because it demonstrates the lowest complexity (each receiver only needs CSI of the channel it is listening).
We propose a protocol to improve performance and data rate using orthogonal frequency and constellation rotation. The proposed system adopts DF scheme based on time division multiplexing (TDM) as channel access.
When DF protocol has a maximum data rate, conventional DF protocol can not obtain diversity gain in the pairwise error probability (PEP) view point.
The remainder of the paper is organized as follows. In Towards this end, we adopt time division multiplexing (TDM) for channel access in this paper. An interesting feature of the proposed cooperation is that it only takes place in the time slot assigned for S. Therefore instead of direct transmission with T time unit for each data symbol, the cooperative transmission is only allowed to send each data symbol with T/2 time unit to keep the same bandwidth efficiency as direct transmission counterpart.
Proposed Protocol
Cooperation process consists of two phases. In phase 1, S broadcasts symbol x1 with normalized unit energy to both R and D. Relay decodes received data from S. In phase 2, S and R send data to D simultaneously. For S, it transmits next data x2 to D. For R, it retransmits received data from S at phase 1. This processing is shown in (Fig. 2 ) D can divide each data by using orthogonal frequency F1, F2.
Therefore, the sequence of signals received at R and D have the forms as follows (Fig 2) and Eq. (5), two symbols are transmitted during two time units. Total data rate becomes 2/2=1 as DT(Direct Transmission). But channel gain matrix in Eq. (6) can't obtain diversity gain, since H is not a complete matrix.
We suggest an algorithm that uses constellation rotation for diversity gain. Its system model can be represented by the following equation
The unitary vector Θ denotes the following equation
Substituting H and Θ from (7), we obtain ] [ 
Diversity Analysis
We assume that the relay can decode received data correctly and this system can estimate channel exactly. D detects and decodes the original data from the received data by using maximum-likelihood (ML) detector. . The average PEP is equal to the following formula
where,
is an expectation function. So, we can obtain the PEP upper bound from Chernoff bound
where, random variable ' Δ is equal to 
where, the factor ) (θ ρ is the correlation between 
Conclusion
In this paper, we proposed the cooperative transmission scheme that can obtain full data rate and diversity order 2 by using constellation rotation. Moreover, the simulation results showed that the proposed protocol significantly increases the channel utilization efficiency and power efficiency. The power savings achieved by cooperation is equivalent to prolonging sensor network lifetime and better satisfying the critical design condition of WSNs.
